MEMO TO : Regional Haze File

FROM : Tom Bachman, P.E. 7/*5 ‘
Senior Environmental Engineer
Division of Air Quality

RE : Coal Creek BART for NOy

DATE : April 18, 2012

In February 2012, the Department received a revised copy of Great River Energy’s report
entitled “Coal Creek Station Units 1 and 2; Best Available Retrofit Technology Refined Analysis
for NO, Emissions”. The primary cost associated with SNCR (based on no lost ash sales) is the
reagent that is used for SNCR. URS, a consultant for Great River Energy, estimated that 1,155
Ib/hr of urea would be required in each.boiler to lower NO, emissions from 0.153 16/10° Btu to
0.122 1b/10° Btu, a 20% reduction. Since urea is usually fed into the boiler using a 50% solution
of urea, the actual feed rate would be 2,310 Ib/hr of a 50% solution. To determine if URS’s
estimate was reasonable, the EPA Air Pollution Control Cost Manual (hereafter Control Cost
Manual) was reviewed. The Control Cost Manual provides an equation (Equation 1.15) to
estimate the amount of reagent consumption.

Mreagent = (N Ox in) ( OB) ( ﬁNOx) (N SR) (Mreagent)
(Mnox)  (SRy)

Where:

NOxin = Uncontrolled NO, emission rate (1b/10° Btu)

Qs = Boiler heat input (10° Btu/hr)

ﬁNOx == NOy removal rate

NSR = Normalized Stoichiometric Ratio

Mreagent = Molecular Weight of Reagent (60.06 for urea)

Mnox = Molecular Weight of NOy (use 46.01)

SRt = Ratio of equivalent moles of NH; per mole of reagent injected (2 for urea)
For Coal Creek Unit 2: -

NOxin =  0.153 1b/10° Btu

Qg = 6,022 x 10° Btu/hr

ﬁNOx = (0.153 -0.122) / (0.153) = 0.203

NSR = [(2) (NOxin) +0.7] (F]nox)

(N Ox in)
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NSR = [(2) (0.153) + 0.7] (0.203)

0.153
NSR = 1.335
Mreagent = (0.153) (6022) (0.203) (1.335) (60.06)
(46.01)(2)
Mreagent = 163 1b/hr of utea (100%)
Mreagent = 326 Ib/hr of 50% urea

Because of the large discrepancy between the Control Cost Manual and URS’s predicted urea
usage, I contacted Minnkota Power Cooperative to determine the amount of urea they were using
in their Unit 2 SNCR system (see attached email). Minnkota indicated they are using between
two and eight gallons per minute of 50% urea solution (1,737,997 gallons in 2011) with an
ammonia slip around 1.5 ppm (5 ppm guaranteed by the supplier). Two to eight gallons per
minute is 1,140 to 4,560 lb/hr of 50% urea solution (specific gravity = 1.14).

Rate = (2 gpm) (8.333 1b/gal) (1.14) (60 minutes/hr)
Rate = 1,140 1b/hr
Rate = (8 gpm) (8.333 1b/gal) (1.14) (60 minutes/hr)
Rate = 4,560 Ib/hr

Minnkota is reducing NO, emissions from 0.40 1b/10° Btu (2009 annual average — prior to SNCR
installation) to 0.321b/10° Btu (2011 annual average — after SNCR installation). In 2011, Unit 2
at the M.R. Young Station had a heat input of 4.1664 x 10" Btu and operated 8,385 hours (see
attached data from Clean Air Markets Division). The average heat input was:

HI = (4.1664 x 10" Btu) + (8,385 hr)
H.I 4,969 x 10° Btu/hr

Using Equation 1.15 from the Control Cost Manual, the expected urea usage rate can be
calculated as follows:

Mvox = (0.40-0.32)=0.20
(0.40)
NSR = [(2)(0.40)+0.71(0.20)
\ (0.40)
NSR = 075
Mreagent = (040) (4,969) (020) (075) (6006)

(46.01) (2)
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Mreagent =~ 195 Ib/hr (1 00% urea)

Mreagent = 390 1b/hr (50% urea)
As noted above, Minnkota is feeding between 1,140 and'4,560 Ib/hr of 50% urea solution to’
achieve the 0.08 1b/10° Btu NOy reduction. The ratio of the actual feed rate to the predicted feed
rate (from Control Cost Manual) is:

Lower Feed Rate Ratio = (1,140) / (390) =2.92

Upper Feed Rate Ratio = (4,560) / (390) = 11.69

If you apply these ratios to the urea feed rate predicted by the Control Cost Manual for Coal
Creek Station Unit 2, the actual urea feed rate (50% solution) would be :

Lower Coal Creek Expected Feed Rate = (2.92) (326 1b/hr)
952 Ib/hr

(11.69) (326 Ib/hr)
3,811 ib/hr

Upper Coal Creek Expected Feed Rate

URS has estimated that 2,310 Ib/hr of 50% urea solution will be necessary to achieve the
required NOy reduction (20.3%). URS’s estimate of 2,310 Ib/hr falls about in the middle of the
range predicted (based on actual usage at M.R. Young Station Unit 2).

The large discrepancy between the amount of reagent usage predicted by the Control Cost
Manual and the actual usage can be explained by closely examining the Control Cost Manual.
Equation 1.15 predicts the amount of urea consumed by the NO, it reacts with. However, it does
not predict the loss of urea due to combustion or ammonia slip. Equation 1.13 provides an
estimation of the “utilization” of the reagent. The Control Cost Manual states “Reagent
utilization is the ratio of moles of reagent reacted to the moles injected.”

A

(Eq. 1.13) Utilization = NOx
NSR

In the case of M.R. Young Station Unit 2, the estimated utilization is:

Utilization = 0.20=26.7%
' 0.75

This utilization rate is consistent with the latest revisions to the Integrated Planning Model (IPM)
model which states “A utilization factor of 15% is used for units with an inlet NOx of 0.3
Ib/MMBtu or lower and 25% for units with an inlet NOx greater than 0.3 Ib/MMBtw.” (IPM
Model — Revisions to Cost and Performance for APC Technologies; SNCR Cost Development
Methodology; August 2010)
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Based on actual usage and the amount of reagent consumption from Equation 1.15, M.R. Young
Station Unit 2 “utilization” is: '

Upper Utilization= 390 Ib/hr = 0.342 (34.2%)
1,140 1b/hr

Lower Utilization= 390 Ib/hr = 0.085 (8.5%)
4,560 Ib/hr

The utilization predicted by Equation 1.13 (26.7%) falls within this range. Even with the low
utilization rate, Minnkota has measured ammonia slip at only 1.5 ppm, which is very low for an
SNCR system.

For Coal Creek Station Unit 2, the predicted utilization is:

Utilization = 0.203 = 0.152 (15.2%)
1.335

Again, 15.2% is consistent with the latest IPM default utilization of 15%.
Based on 15.2% utilization, the expected feed rate of urea (50% solution) at Coal Creek 2 would
be:
Expected Feed Rate = (326 Ib/hr) =2,116 Ib/hr
(0.152)

If you consider just the annual urea (50% solution) usage at M.R. Young Station Unit 2 in 2011,
this equates to 1,968 1b/hr (annual average).

Annual Average Feed Rate = (1,737,997 gal/yr)(8.33 Ib/gal)(1.14) = 1,968 Ib/hr
8,385 hr

The actual annual average utilization rate for M.R. Young Station Unit 2 (using the results of
Equation 1.15) is:

Actual Utilization = (390 Ib/hr) = 0.198 (19.8%)
(1,968 1b/hr)

If the actual utilization of urea at Coal Creek Station is less than predicted by Equation 1.13 (as it
- is at M.R. Young 2), the expected urea feed rate (50% solution) could be:
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Possible Usage = [(326 Ib/hr)/(0.152)] * [(0.267)/(0.152)] = 2,892 Ib/hr

The Integrated Planning Model (IPM) also estimates the amount of urea required for the SNCR
system to achieve the desired emissions reduction. To reduce the NO, emission rate from 0.153
1b/10° Btu to 0.122 1b/10° Btu (20% reduction), the IPM estimates that 800 Ib/hr of urea (1,600
Ib/hr of 50% solution) is required. This estimate is based on a normalized stoichiometric rate
(NSR) of 1.0 and a utilization factor of 15%. If the NSR is adjusted to 1.335 as calculated from
Equation 1.14, the urea usage (50% solution) would be 2,136 Ib/hr. This is very similar to
GRE’s estimate of 2,310 Ib/hr. . :

Minnkota, in their email, pointed out that the urea feed rate is dependent on a number of factors
such as boiler cleanliness and coal quality. Generally, Coal Creek Station burns coal of lower
quality (i.e. lower heat content) than M.R. Young Station. Based on the above, it appears that
Great River Energy’s (URS) estimate of reagent usage of 2,310 Ib/hr is reasonable.

TB:csc



Bachman, Tom A.

From: Kevin Thomas [kthomas@minnkota.com]
Sent: Thursday, March 08, 2012 2:56 PM

To: ' Bachman, Tom A.

Subject: _ FW: SNCR
-Tom,

We used 1,737,997 gallons of 50% urea in Unit 2 in 2011.

From: Bachman, Tom A. [mailto:tbachman@nd.gov]

~ Sent: Wednesday, March 07, 2012 7:52 AM
To: Kevin Thomas
Subject: RE: SNCR

Kevin:

Can you fell me how many gallons (total) of 50% urea solution were used in Unit 2 in 2011?

Thanks!

Tom Bachman, P.E.
Sr. Env. Engr.

ND Dept. of Health
(701) 328-5188

-----Original Message-----

From: Kevin Thomas [mailto:kthomas@minnkota.com]

- Sent: Wednesday, February 22, 2012 7:26 AM
To: Bachman, Tom A. ‘
Subject: RE: SNCR

Let me know if you need any additional information.

Kevin Thomas, P.E.

Senior Environmental Engineer
Minnkota Power Cooperative, Inc.
Phone (701)794-8711

Fax (701)794-7258

From: "Bachman, Tom A." <tbachman@nd.gov=>
To: 'Kevin Thomas' <kthomas@minnkota.com>
Date: 02/22/2012 07:21 AM

Subject: RE: SNCR



Thanks Kevin!

Tom Bachman, P.E.
Sr. Env. Engr.

ND Dept. of Health
(701) 328-5188

-----Original Message-----

From: Kevin Thomas [mailto:kthomas@minnkota.com]
Sent: Tuesday, February 21, 2012 3:38 PM

To: Bachman, Tom A. )

Cc: Craig Bleth; John Graves

Subject: SNCR

Tom,

From a quick look at our Urea flow data compared to generator output we are injecting from 2 to 8 gallon per minute
at about 470 MW. The wide range is a function of a number of factors such as boiler cleanliness and coal quality. |
did also find a short period where we were injecting 10 gallon per minute at about 335 MW. The Urea we inject is
50 percent solution.

The typical slip we have measured is down around 1.5 ppm which is actually below the detection limit. As we
discussed the performance guarantee for ammonia slip is 5 ppm. We have not tested any of our fly ash for any

ammonia compounds.

Kevin Thomas, P.E.

Senior Environmental Engineer
Minnkota Power Cooperative, Inc.
Phone (701)794-8711

Fax (701)794-7258
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